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(2) 

1 

mmm& (vco &m&w£VLt<ot$\z\$$mfr*>A 
jiLttmi<D®% (di > *T**a&n&»m#ft» 

t$\z}wm»t>Amstcmi<Dfm (di ) 
^ricai*'r^ta^®i»[Hitt (2) t, 
tnt)®ffl®& (2) *^w*$n&mi<D©^ (di) 

(Dl ) t*fcl^liI^&A*L,^2<om^ (D2 

) m*^©®» (2) £:fH-*c<t&<ia»A* 

LTfl*T*£2©ffl*lHjfc (4) 

*£?-*¥**gB. 

[0 00 1] 

[0 0 0 2] i£*F, ¥«#Ett^fiBtC^lr>Tti, tittfc 
fcf ft* ? hW£tfi;*E*&£&tt*££tCfcS 

[0 003] tut>%. &mjj®»frt>mv\"*)ioto 

[0004] zrc, ig^, *mftmv&m<oz*>tsiZ>n 30 
tetiutzmmrzittbiz: nmn >omm*&E&* 

[0 0 0 5] OflW*£E(0#Wb 
(5V** 3V««) C^T, X^ttMEET¥9» 

ettSBftttja-f-ftiefcik tuawoy-fxw ^ 

t>*£<fc*fca. *0ttttjPBBttMUB&tt?Tt> 
[0 0 0 7] 0*0, ffl*«#©t"t*39«HW^*fc 



#H¥6-132 74 7 

[000 8] 

ift&mm a*oaHMW3««BTrtt, H7fc»-r 

®K6 2%ftl,XHt&tzm*2tlZ&5\ZtLoXKZ. 
[0 0 0 9] ffl^®»6 2<0BKB«^-r. ft 

CMOS-f>M-^6 3, 6 4£«jfrT*&PMOS h 

7>^x^<ov-x«X«dl:«l«Sivccic:^a3n, ft 

CMOS-f >A-*6 3, 6 4£*j&T*£NMOSh 
[0 0 10] HCMOS-fWW6 3, 6 4<0 

-en-en^^Dn, Dim, d* d»+i wiMsns. -c- 

UT, CMOS'T>/W6 3fl!>A*«mcl& tM? 
fittA/Cy 77 6 1 ^Sfl^Snfc^-^Dn.DiH-l, D«, 
D&fl OtvfnitaPAftSn*. — CMOS-f 
-^6 4©A^3»^Ktt, CMOS^f>/W6 3ICA 
^$n-50t^i;x-^Dn,Dii+l,Di,Dafl 3&t, v»J 

tl£. j 
[OOlllftoT, CMOS-f>;W6 4liCMO 

s -f >/t-* 6 3 tetter* ft-r 6 5 nmsm 
moGtfmfttzv&tiTmftTz c t tea*, -rfcfc 

DiH-l, Da, Dirt #Ll^/l^SHl^;Vfc&$±#* 
t» CMOS-f >/t-*6 3(Dffl*©-^tt, a^lCH 

u^;i/^SLi^^;Hc«r)Mfc^. ^nc#UT, cm 
OS-f >/*-*6 4 ©IH*B^tt* ft-f>/1-*6 5(0 

[00 12] m&iZ, f-^Wy77 6 1^5Wf 
-*DD,DD+l,Dn,Dlrt #HK^*6LI/^tfi 
^±*t§t. CMOS-f>A-^6 3(Da*©^tt, a 

T» CMOS-f >/t-^ 6 4 Ofl|*1i-»tt, ft>f >/t- 

[0 0 13] CMOS-f>A-^64ttC 

CMOS-f >/t-^6 3, 6 4 0^SCDtt*i»^6W 
^$n^«-^Dn.DD+l f DB,Dn+l ©i^-b^DRtX 

[0 0 14] tto^ KMOS-f>/^6 3, 6 

iD> ffl*®»6 2<Daj^©^ (x-^Dn.DD+l.Dn, 
Da+1 ) <Dir^±)&tDR^4^T^0$B^^fcUT^ 
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[0 0 15] Sot, &tHa@86 2^6HUW^O 
x-^Dd. Dd+1, Da, Dn*l A^^»ca^$n^«^T 

[0 0 16] >©«*^1B<» Mi*© 

2 3ft*6HCU^®5 ff — ^Do,Dn+l, Di, Dn+1 tfRft 

[0 0 17] £tfJ/j£Ift6 2)fcStii;+j3n*x 

-^Dd,Dd+1, DB.D&+1 <&&5±jo*9fttf:fts~F#D 

tfNMOS h5>5*X*©h5>>?;**1MX£3HM" 
* C t JCcfc oTISfif * C -6. 
[0 0 1 8] ffcfc^* CMOS-f >/t-$>6 3©£M # 
OS h7>^**<0h7>5^*tMX£* CMOS-f 

Htt)l»!K6 2^ea^$n^x-^DD ( Dn+l,Da,Dir+ 
[0019] 

T&^£5V£fcftI*T, 3V£0&##*9;tT£TV> 

30 

[0 0 2 01 *<D3 V&TttSV^fcifc^T. 
i&6 2^e.tiJ^$n^5r-^Dn > DD+l ( Di, D»+l OH 

tm, y^x©i^;vt>*s<fc.a. 

[0 0 2 1] -ZOftlto, 3 V#Ttt> 6 2#> 

fcffl^Stt^-^DD.DD+l.Dn.DBr+l XkD 

OMSK;**. 

[0 0 2 2] ^£0, fttfj^0tt6 2^5ia^n*f 
-^Do,Dd+1,Db,Di*1 #HW*;V$£fciL 40 

«*r**T©»Mb\ £iH*®&6 2j&>£tfi 

ASn^x-^Do, Dn+1, Oh, Dnrf-1 ©£*5Jb&*0Rtf 

[0 0 2 3] 2:^53^ ffl*isI»6 2^Sttl*$n-65 r 
— ^Dn, Dd+1, Db, Orfl ©£5±#9&tfcflr&T#?> 

CMEVCC&-T*) jWfFr&fc. tH/*ft<ft?T 

[0 0 2 4] -rat)*, H9fc^-rj:^K. \&h®m 

2A^m*$n-55 f -^Dn > PD+l,Dia,DB+l ffihlsl 50 



^BB¥6-1 3 2 747 

4 

)V (=0 V) ]^6HI/^ (=VCC) K£«±jP*|R % 

•WtjEvccws^fc* (B9fc^f rvcci j ) 

14. Sl>£* <H9C»r TVCC2 J ) lClt^T»*lT 
iS-b&lDrtTr <09ICiK-ri$lflJt) . 
[0 0 2 5] Ctlit CMOS>f>/t-^6 3 0lt^ 

ejEVcc#fit>a;#fckk *©$h cmos^>;w 

6 30l,3V>ffimffifcffi<fcoT* CMOS^St—jr 

[0 0 2 6] ESK. CMOS*f >/X-£6 40>ls*» 
(amEt>^®mE£VCC(C^LT^D> «S«EEVCC# 
ffi^fc£ICHU *CMth CMOS-f >/t-*6 4©L€ 
V>te«Efcfc<fcoT* CMOS-f >/t-*6 4CDft«£ 

»*&*«. 

[0027] «ot* 09fc*-#\t5fc. mstevqc 

jW£V>£§r (VCCl ) fcfcL (VCC2 ) fctt'* 

T% #aiAlEi»S6 2^€»m^^n*7 ; -^DD,Dn+l,D 

[0 0 2 8] H«£. m*£VCG#KV>&«Ktt. * 

Dll, Dd+1, Db, Dn+1 ©ft^TtfO fcSS'TSISWJ'&JK 

[0 0 2 9] £0*5fc, fi£*©m^Ii»6 2Ttt> 2 
^OCMOS^>;W6 3, 6 4^m^^»ff 
$+l^C:tfc^0. tii^®»6 2<oaj*©^<DSr^±^ 

[0 0 3 0] *Si*ffiVCC)SftaVi«^ (5 V 

m Ktt, ib^®K6 2(Otii*m^(oy^X^>«SiW 

«c6ftv^ttK«g£vcC3WSti«# (3V^) ai^} 
®to 6 2 ©dJ^m^cr)ir^±dtDRt;i:^T^0 ^H^> 

[0 0 3 1] *^^WLhEraffl^&»ftt-*&«>fc:^^ 

[0 0 3 2] 

«JBE«tH@^l»> «£«gVCC*t&£«& 
[0 0 3 3] H1AIH«P@B.2«* «S«ffiVCC3&^m 
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5 

D fc^ £ £ \Z \W&fr £ A# Lfc» 1 <om 

#di fcassii-ricaja-r*. 

[0 0 3 4] $gl (Dm^I5JK3ti» tfrttt?PI§tt2*>& 
ffl*2nfc$&l<Dte*lDl $A^UTttl^T-6* 82CD 

A2jLTfti;*rf*. 
[00 3 5] 

tsis»3fcaj^r^. «st«Kvcc# d 
jut di *i8Mt<it~f\zm i oaiaiiite 3 fctaa-r*. 

[0 0 3 6] ^2©ffl*IslW4«, #aStf>&A# 
LfcJfl2<DS*|D2 $ttt^^»lsIK2i£^'r'5Ct^< 
a^A^-r^. «iB*JEEVCC#&j£«JE£U: 

<ot#K, ^as^em^Di,D2 ^^{cA^$nt« 
^ &i (omj3®&zftp>mti2nz>mi<D&m)i 20 
\t. m2<Dmt®t&4&t>m%2tiz>m2<?>fmn2 \z 

[0 0 3 7] *®*BEVCC#»jemflE<J:D&V>£ 
*H»5«D1,D2 ^^fcA^Stlfc*^ 
&l<Otfl#08 3 jfc 1(D©*|D1 £$&2 

Otti^IsI|ft4^^ttJ^$n^200^D2 ttt^lC 

[0 03 8] 

[«1MJ *^^t5y^RAM (DRA SO 

M) Otii^[2i^lc^#ft;L7t:-S6Ki^$0®tc^^Tgtt 

[0 0 3 9] 0 *nMto<ODRAM<om$.%7jz 

-f. ptqeu • -fe;v7 w 2 1 2&^cicE#ten&;* 

1 tf^ F<Dx-*£iE«?-£J:5£fcoTV>*. 
[0 0 4 0] ^»7KPXA0 -A9 tt, 7FWX 
y 7 7 2 2 t,T n-7 F UA £ 3 ^ A7 F £fc 
#tt6tl, D-THUXttD-5 f 3-y2 3fC, 37A 
7h-l/X«3^i,^n-^2 4tC. ^n^tiA^j^n 40 

*• 

[0 0 4 1] D — • 73-^2 3t37A'T 

n-^2 4tl:i:D, #&7Fl/XA0 -A9 MtXfcY 

ft£$n*. co^^n&^c^u y— f& 

4fciroT3uaS*SYiri^hm*tfct t>XT>^ 50 
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%*xf\mj] (i/o) y-h2 5^bT>tqey .± 

[0 0 4 2] £n^~;x*V-*26ttD-7Fl'X 
• XhD-^^/t-RASfcS^T* nE-Hn>h 
P-JW2 7^0-7=3-^2 3*5<fcr;i;>X7>:/. I 
/oy.-F2 5£fcHrr*. fit. ; E-Fa>hD-;U2 
7 D y ? S>x*V—* 2 6 ^ttttSfcfcWSn** 

[0 0 4 3] AND@»2 805Lffi«A*ia^k:«:39 
A7FI-X • Ahn-^S^-CAS^A^^n, H 

#A;&S*1* # 
[0 04 4] ^Dy^i?x^l/^2 9ttAND0»2 

2ta5AT3-^24t7-fb^Dy^ - >>x*U— 
* 3 Ofcil/^-^titfJ/^r 3 1 fcSim-S. 
[0 0 4 5] *-F3>hD-;l,2 7ttU^^s;i/cLj' 
7\ t UXjjV>*3 2$:Mm,* *)yVyls^'7YV 
X*^>* 3 2ifl£ffctZVy\, v i,= L • 7FPXfg^ 
7 K l/^/ty 7r 2 2rt^Ur3^3 3 ICM 

[0 0 4 6] -fUt>*>* • : e-F3>hn-;V2 7^ n 
-7 F V7s • A KD-^m^/t-RAS^<l:c;npA7 
FWX • X FD-^^/t-CASfc8^<^^X • tT 
7*7-7X (CBR) - OyUv^oL^mfft^^ 
IZ+ Vyi/yiszL •7Fl'X;fc£>^3 2£$Mrr$. 

[0 0 4 7] F^Oy^ • 3?x*l'— 5?3 0tt, ^ 
D*^i?i^^ 2 9<DM&®nt5<1 F • -f 

[0 0 4 8] T^t)^, T»n^y7r3 4li7-f 
h#Uy& • 'Vx^V»^3 0(O^»fl|^lc3|^T* 
^V^^AA^n-5T— Di,Dd+1 
■fe>A7>y- I /oy- b 2 5 S&ttx-^Ua/ly 
7r3lfc:tfj^T^ 

[0 0 4 9] 5r— 3 ltt7»>F^ F • 

777 3 4i^llJ^n*T-^^ 4tTy hCDr-^ 
Dn, Dnfl; D% Dafl tUTtii^TS. 
[0 0 5 0] -ttDT^^aj^/ty^r 3 l^eiB^Stl 
^Dd ( Dd+1,Db,DiH-1 Ort, r-^Dn,Di^l 

^n^nw*®s®K3 5*j:i;aj*®»3 6«r^ 

[0 0 5 1] -tf3Lt>*>, ^ffi7FPAA0 -A9 JCjio 
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*$0Pl5lES3 5^bT^ffl*IHiF53 6ICtfi*Sn, 6 

[0 0 5 2] £fc> ^'J77-T -?x?££fr5ttd« 
Dn+l,DE.DoH ^CD^^x-^tfi^y^r 3 

CO 0 5 3 J #ffiaM»@»3 5tt£THDW#C 

*or> mffi«tbiEiK3 7 a^tti^sft* 

[0 0 5 4] -f-bT. DRAMftlZttSfiSt-f 7X • S? 
x*W-*3 8)&«attS*rCfeD* DRAMWgjfcSn 
T V> « ¥«flmca£&SK/t<f 7X « <fc 3 

[0 0 5 5] B3fc» «fiE&tfJIU|&3 7tiQ@MB«^ 
"J*. ttfom®&3 7\t. X>A>X;*>h£!NMOS 
h7>^4 1 ££jKR£CMOS<f >A-*4 2- 
4 4£*&«MtenTV»*. 

[0 0 5 61 NMOS h^>^^4 1 (Oy-h^i^ 

R^UT^7>F^tt$nTV^i^lcCMOS-r 
>A-*4 2©A#*^fc&«3nT^*. 
[0 0 5 7] SCMOSO;W4 2'v4 4tt'>'J- 
Xfc&iKSn* CMOS-f >/t— ^4 SOffl^Sf^^^ 
•f*P«^*««, CMOS-f>A-^4 4<0Hj^ 

[0 0 5 8] ?£oT, NMOSh7>yX^4 1fi!)Fl/ 
-f h«BStt. VCC«)«BE 

VCC (JEAT, SS«JEVCCt-T<&) *«L<fc*. *<D 
fcfe* *2l«JEEVCC^NMOS h^>i?X^4 1CDI/€T 
^MI«BEVth41J;9£V><h£N NMOS h7>^X*4 
1 CDV-X • hra«JEVGS41ttt^Vi««BEVth41 
<fcD&<&£ (VCS41<Vlh41) , NMOS b 

5>V7s?4 ltt^7««lC^D. NMOS h5>>?X 
*4 icE>y-x*EVS (Tttfe*, -Y>/W42© 

A*. 

[0 0 5 9] ^OttJR. CMOS-f >A-^4 3(OttJ^ 
m^T**^#M^0ttLl^,McfcD, CMOS-f> 
n-9 4 4 (OHJ*fi^T**®W©^/t- 0 ttH U 

or&fc*,, mmrnvco \zuz>. 

[0 0 6 0] «2SM£EVCC;&tNMOS h^>S?X 

^4 l(DL^^II«ffVth41i:DB^t#, NMOS b 
y>i/7s$4 1©V— X •y"-Kra«£EVCS41«L^U 
te«ffiVth41EUbfcfc$ (VCS41^Vtb4D . 
NMOSh7>v^4 1«t>®«l:JiD, NMOS 



H5>i?X*4 l©y-X*J£VS tt, *S«flEVCW^ 
6L£^®W£Vth4l£gL3l^fcttfcfc* (VS =V 
CC-Vth41> . 
[0 0 6 1] CCC. V-X •y-hffl«EEV6S41^^ 
L£Wiravtfa41$SL3lfr>fctt£QNMOS 
VX9 4 1 OV-X • FH >W«EVDS410^tft^ 
<h£ (VDS41<V6S41-Vtb41) % NMOS by>i?X 

[0 0 6 2] NMOS h?>S?X*4 1 :W8Jgffi«fc;fc 
JO NMOS h^>> f X^4 l©y— XttEEVS Ji 

CMOS-f>/W4 2©L£ir>ffi«E<fcr)ffi<ftr) ¥ 
CMOS-f >/1-*4 2©U!*rft4}ttHI/'W&tt* # 

[0 0 6 3] *©|Mk CMOS<f>/X-$>4 3CDm^3 
S^T&*®»m^0ttLl^l4Cfc9, CMOS-f> 
/W4 4©aj^7M^*r*'5$9»g^-0«HU'^ 

[0 0 6 4] &1t* V-X- Fl/^>NHUEVD541#ty 
-X -y-hWimflEVCS4I*^b€U««BEVtb41*a 
l/5IV»&M<fc&*^££ <VDS41c£VGS41-Vth4D , 
^ NMOS b5>5?X$>4 1 li®fD«#fcfc* # 

[0 0 6 5] NMOSh7>^4 

NMOS b5>e^X^4 lCDy-X«EEVS 
C M O S -f 4 2 (0 L € «fc D i* <fc 0 , 

CMOS-f >/W4 2©ffl*B4l3Li'<WlCtt«. 

[00 6 6] *©JMk CMOS-f>/^*4 3©a«j 
m#T**W»M<MiHlx^Vfc^D, CMOS'f > 

[0 0 6 7] CO£?\z, y-X -y-hrS)«EVGS41 
5^ ^eL^^fll«KVth41$^L5lV^fflJ:DNMOS h 
7>yX^4 10V-X« FH > >B«EVDS41©*3W 
(ffctofe, NMOS h^>vX^4 lTJt^-y 

[0 0 6 8] ^fc, y-X •y-hra«JB£VGS41A^L 
^V^*JEVlh41^Ul|Vifc4tJ;»)NMOS h7>i^ 
X^4 1©V-X- KU-f >|fl5«EEVDS41CD^MKV>t 

€r tr«:*>6, NMosh7>W4i^t>«»r 

[0 0 6 9] -r^t»^, ««[«JEVCW». NMOS bJ 
>VX*4 10b€?V>amjBEVtb41tC^LT)£*^* 

m^«EEVCCd*a*mjEA£U:CD»&, $O»m^0 

[0 0 7 0] NMOSh^>i?X^4 1 Ob 

£V>fc«£EVth41tt, NMOSh7>W4 lOh^ 

50 
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[0 0 7 1] £t>T. M£K£*UEAtt, NMOS by 

-t#\Z±t<mfeVT&< £t\Z&r>* NMOS by> 
ri>£NMOS h7>^^4 l£«fctfJ£ifcR£:ftLT^ 

[0 0 7 2] 04 fc, UAM*lslB3 5 0@RB^ 10 

Do+1 ^CMOS h7>X^7'>3>V-h5 1, 

[0 0 7 3] *LT> CMOSh7>X5^y3>y- 
h 5 1 tiE>tt#0«?«Btftffi»lB»3 6(Ctttt$n> C 

mos h^>xa?v3>y-h 5 2cDte#<D*a^v 

U -XiC&8$ nfc 4 5 3 - 5 6 h 

TfflaiaiMeicSBtan*. 

[0 0 7 4] CMOSh7>XSy>a>y-h5 1 
tt. NMOS h7>'W5 1 aiPMOS h7>/X 20 

^>3>y-f-5 2tt> NMOSh7>^5 2at 
PMOS by>V7s9b 2 b.t^S*rt**lS. 
[0 0 7 5J *LT, NMOS h7>yX^5 1 a** 

ffiSH3 7<DM«l«-9/t-039SAA$nft. NM 
OS b5>VX*S lb*5«fctfPMOSh^>S?X*5 
2 a<Dfcy- Hcte, «£Etftffl®»3 7®Mm-l»**t 
A^Stl*. 

/t-$atHw;wz>«£* CMOsh7>x'7->3> 

y-h5 1ttHS, CMOSh7>X57V3>y-h 

;v-c*»««yt-*#LU^©«^» CMOsh7> 

X5y*>3>y-b5 2im CMOSh?>XS? 
[0077] CMOSh7>X^7X3>V-h5 2# 

biv»t. cmos h^>x^^s> 3 >y-h5 i#hc 

*[sIf&3 6fcttJ;*j2n*. 
[0 0 7 8]-^ CMOSh7>X$yy 3 >y-h 
5 lj&iR|WC, CMOS h^>X5y->3>y-K5 2 

^-^Dn,Dtt+l tt. iS»ib*@B3 6fraj^$n«. 
[0 0 7 9] Tfcfc>*K »MH»#««HP^T«W« 

*§a-<*>#l i/*vw>«&wu mnm^ttfh 

5 3-56 CF>®©^ra©^fffffi^fc # ftanT#tt4 50 



#§W6- 1 3 27 4 7 

JO 

[0 0 8 0] ££*T, llfrffibfc.fc'SK, $1W3**<f>j&t 

*£EVCC^»J6«EAA0*^«*T?»*. 

tt. miS«ffiVCC^IK£«ffiAai:(D*&T*S. 
[0 0 8 1] &oT, «S«flEVCC#K£*JEA£U:(D 
«S«ffiVCC*tRe«fl£AJ:0«^»^ICit 

^ T-fmurtyyr 3 la^fittsnsx-^Do, 

Dd+1#, *-f>/t-*5 3-5 6<D&W$m(D&ftm 

[0 0 8 2] 05IC, ffi^®K3 6<3lsJ&B£;K-r. tfj 
Alsllk3 6ttCMOS^>/WT*oT> ^-^ffi;* 
Ay 77 3 l^eiS^enT<^7 ; -^DB > Dl t fl . 

ffl**9»®te®»3 5S^LT2l&nT<-65 i 

-*dd,dd+i sAa-r*. 

[0 0 8 3] *LT> tt»@HI3 6», A^L&fcxf 
^Dn,Do+l,Di, Db+1 fcftftKffi^r*. ^ClC ±E 

grr*. ft* DRAM©»#to^Ttt4Mm?ft-it* 

[0 0 8 4] *iS«ffiVCCd^«ffiA^Jb(D«f&. 

t&AimiBift 3 5 oy- h 5 2 laa^ y- h s : i tia 

t-^Db, Dd+1, Db, Db+1©(*3, ^-^Dn, Dd+1 ft 
^-^Db.Db+I \ZttLX* 3 5<D&-f 

>rt-# 5 3-5 6©aMBBCE)diHI#«ttatlT* 

ai*iHi»3 6Jcai^$n5. 

[0 0 8 5] *(Dtz#>, ®7\ZKt£o\Z* 
KyVyZ l^tti^Sft^x-yDn, Dn+l,Dn,Ds+ 

®&3 6^etiJ^$n*5 ; -^Dn t Dn+l,Da.DBH-l <D 
rt, x-^Dn, Dd+1 te^-^Dn, Db+1 iCfcJUT* g 
*IT L S H l^JMcfl DftbS. 

[0 0 8 6] ^-^fflA/t^77 3 

*tl5f- *Dd, Do+1, Db, Db+1^IL l/^W5Hl/ 
^KA^fttofcVd* ^m*0IS3 6^Sfflj!j3n 
^Do f Dn+l,DB, Da+1 CO 1*3* x-^Dh.Dn+l 
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(57) [Abstract] 

[Objective] The objective of this invention is, in the output circuit of a semiconductor memory 
apparatus, to prevent the flow of excessively large current and the generation of noise in output 
signals when the power supply voltage is high, and to make the rise or fall of the output signal 
sharp and shorten access time when the power supply voltage is low. 

[Structure] A voltage detection circuit 1 detects whether or not the power supply voltage VCC is 
larger than a set voltage. An output control circuit 2 outputs a first signal Dl, input from the 
outside, with a predetermined time delay when the power supply voltage VCC is larger than the 
set voltage, and outputs the first signal Dl, input from the outside, without a time delay when the 
power supply voltage VCC is lower than the set voltage. A first output circuit 3 inputs and then 
outputs the first signal Dl output by the output control circuit 2. A second output circuit 4 
directly inputs and outputs a signal D2 input from the outside along with the aforementioned first 
signal Dl, without going through the output control circuit 2. 

[Scope of Claims] 

[Claim 1] A semiconductor apparatus, comprising a voltage detection circuit (1) that detects 
whether or not the power supply voltage (VCC) is larger than a set voltage; an output control 
circuit (2) that outputs a first signal (Dl), input from the outside, with a predetermined time 
delay when the power supply voltage (VCC) is larger than the set voltage, and outputs the (first 
signal (Dl), input from the outside, without a time delay when the power supply voltage (VCC) 
is lower than the set voltage; a first output circuit (3) that inputs and then outputs the first signal 
(Dl) output by the output control circuit (2); and a second output circuit (4) that directly inputs 
and outputs a signal (D2) input from the outside along with the aforementioned first signal (Dl), 
without going through the output control circuit (2). 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention is related to a semiconductor apparatus, and more specifically, to 
an output circuit of a semiconductor memory apparatus. 

[0002] 

In recent years, achieving multi-bit outputs has been sought in semiconductor memory 
apparatuses. In order to achieve multi-bit outputs, an output circuit is created for each bit, but in 
that case, when the same level of output signals are output simultaneously from each of the 
output circuits, noise occurs easily in the output signals. 

[0003] 

That is to say, when the same level of output signals are output simultaneously from each 
of the output circuits, the large electric cuirent that is the combination of the output currents from 
each of the output circuits flows excessively, and because of a mismatch with the characteristic 
impedance of the output line and the like, ringing and other noise occurs easily in each of the 
output signals. 

[0004] 

In addition, in order to realize a more highly integrated semiconductor memory 
apparatus, in recent years the Iinewidth of the power supply line has been held to the minimum 
necessary, so that the voltage source capacity as viewed from each output circuit can no longer 
be considered large. Consequently, when the same level of output signals are output 
simultaneously from each of the output circuits, a large electric current is drawn at one time from 
the power supply, and variances in the power supply level cause erroneous operation within the 
semiconductor memory apparatus. 

[0005] 

In particular, accompanying the diversification of voltages used in semiconductor 
memory apparatuses (e.g., 5V class, 3V class), when a semiconductor memory apparatus is used 
with a high power supply voltage, the noise level of the output signal also increases, and hence 
mitigation of this has become an important issue. 

* [0006] 

On the other hand, when a semiconductor memory apparatus is used with a low power 
supply voltage, the noise level of the output signal is decreased and the current drawn from the 
power supply also decreases, so shortening access time for the semiconductor memory apparatus 
becomes a more critical problem. 

[0007] 

In other words, what is being sought is to shorten the access time when reading data from 
(having data output by) a semiconductor memory apparatus by shortening the time until the level 
of the output signal is fixed at either the H level or the L level, that is to say the time needed for 
the rise or fall of the output signal. 
[0008] 
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[Background of Related Art] 

As shown in Fig. 7, with conventional semiconductor memory apparatuses, data D n , D n+ i, 
D m and Dm+i output from a data output buffer 61 are output to the outside via output circuits 62 
each having the same circuit composition. 

[0009] 

Fig. 8 shows a circuit diagram of the output circuits 62. The source of each PMOS 
transistor that comprises CMOS inverters 63 and 64 is connected to a high-voltage power supply 
VCC, and the source of each NMOS transistor that comprises the CMOS inverters 63 and 64 is 
connected to ground. 

[0010] 

In addition, the output terminals of both CMOS inverters 63 and 64 are tied together, and 
the respective data D n , Dn+i, D m and D m+ i is output from this these common output terminal. 
Furthermore, each of the data items D„, D n+h D m and Dm+i output from the data output buffer 61 
is input into the input terminal of the CMOS inverter 63. On the other hand, the same data D n , 
D n +i, D m and D m+i input into the CMOS inverter 63 is input into the input terminal of the (j:MOS 
inverter 64 via four inverters 65 connected in series. 

i 

[0011] 

Accordingly, the CMOS inverter 64 acts with a time lag equal to the sum of the delay 
times of these inverters 65 in comparison to the CMOS inverter 63. That is to say, when the data 
D n , D n+ i, D m and D m +i output from the data output buffer 61 rises to the H level from the L level, 
the output signal of the CMOS inverter 63 quickly switches to the L level from the H level. In 
contrast, the output signal of the CMOS inverter 64 switches to the L level from the H level with 
a delay equal to the sum of the delay times of the inverters 65. 

[0012] 

Similarly, when the data D„, D n+1 , D m and D m+1 output from the data output buffer 61 
falls to the L level from the H level, the output signal of the CMOS inverter 63 quickly switches 
to the H level from the L level. In contrast, the output signal of the CMOS inverter 64 switches 
to the H level from the L level with a delay equal to the sum of the delay times of the inverters 
65. 

[0013] 

Because the CMOS inverter 64 acts with a delay in comparison to the CMOS inverter 63 
as thus described, the rise and fall of the data D n , D n+1 , D m and D^i output from the common 
output terminals of the two CMOS inverters 63 and 64 are gentle. 

[0014] 

That is to say, by causing the CMOS inverters 63, 64 to act with a time differences 
(staggered action), the rise and fall of the output signals (data D n , Dn+j, D m and D m+ i) of the 
output circuits 62 are made gentle. 

[0015] 

Accordingly, even when data D n , D n+ i, D m and D m+] of the same level are simultaneously 
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output from the various output circuits 62, an excessively large output current does not flow from 
the various output circuits 62, and even if there are mismatches in the characteristic impedances 
of the output lines, ringing and other noise does not easily occur in the data D„, D^,, D m and 
D m +i. 

[0016] 

In addition, when the linewidths of power supply lines are small and the power supply 
voltage seen from each of the output circuits 62 is small, even when data D n , D n+ i, D m and D m+ | 
of the same level are simultaneously output from the various output circuits 62 a large current is 
not drawn all at one time from the power supply. Consequently, variances in the power supply 
level (variances in the voltage VCC of the high-voltage power supply VCC and the ground) do 
not occur, and variances in the power supply level do not cause erroneous operations inside the 
semiconductor memory apparatus. 

[0017] 

Here, the rise and fall of the data D n , D n +i, D m and D^i output from each of the output 
circuits 62 can be adjusted by altering the transistor size of the PMOS and NMOS transistors 
comprising the CMOS inverters 63 and 64. 

[0018] 

That is to say, by making the transistor size of the various MOS transistors in the CMOS 
inverter 63 smaller than that of the CMOS inverter 64, is it possible to make the rise and fall of 
the data D n , D n+1 , D m and D m+ i output from each of the output circuits 62 even more gentle. 

[0019] 

[Problems Overcome by this Invention] 

Hence, the voltages used in semiconductor memory apparatuses in recent years are 
becoming diversified, and in addition to the 5 V class that has been most common in the past, use 
of 3 V class apparatuses is on the rise. 

[0020] 

Compared to the 5V class, in this 3V class the difference between the H level and the L 
level in the data D n , D n+ i, D m and D m+ i output from each of the output circuits 62 is smaller, 
being only 3/5 as large, and by that same amount the noise level is also smaller. 

[0021] 

Consequently, with the 3 V class, shortening the access time in the semiconductor 
memory apparatus is more important that the noise in the data D n , D^i, D m and D TO+ | output from 
each of the output circuits 62. 

[0022] 

That is to say, the time until the data D„, D n+I , D m and D^i output from each of the 
output circuits 62 is fixed at either the H level or the L level, in other words the time needed for 
the rise or fall of the data D n , D n+ i, D m and D^i output from each of the output circuits 62, must 
be shortened. 
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[0023] 

However, the time needed for the rise or fall of the data D n , D n+I , D m and Dm+i output 
from each of the output circuits 62 becomes longer as the voltage VCC of the high- voltage 
power supply VCC (hereinafter, the power supply voltage VCC) falls. 

[0024] 

That is to say, as shown in Fig. 9, when the data D n , D n+ j, D m and D m+ i output from the 
output circuits 62 rise from the L level (=0V) to the H level (=VCC), when the power supply 
voltage VCC is low (VCC1 shown in Fig. 9), rising is delayed (by time t shown in Fig. 9) in 
comparison to when this voltage is high (VCC? shown in Fig. 9). 

[0025] 

This is because the threshold voltage of the CMOS inverter 63 corresponds to the power 
supply voltage VCC, and when the power supply voltage VCC is low, the threshold voltage of 
the CMOS inverter 63 is also lowered by that amount, so that the action of the CMOS inverter 63 
is delayed. 

I 

[0026] 

Similarly, the threshold voltage of the CMOS inverter 64 also corresponds to the ppwer 
supply voltage VCC, and when the power supply voltage VCC is low, the threshold voltage of 
the CMOS inverter 64 is also lowered by that amount, so that the action of the CMOS inverter 64 
is delayed. ; 



Accordingly, as shown in Fig. 9, when the power supply voltage VCC is low (VCC1), the 
time needed for the data D n , D n+ i, D m and D m +i output from each of the output circuits 62 to rise 
becomes longer than when the power supply voltage is high (VCC2). 

[0028] 

Similarly, when the power supply voltage is low, the time needed for the data D n , D n+ i, 
D m and D m+! output from each of the output circuits 62 to fall becomes longer than when the 
power supply voltage is high. 

[0029] 

In this way, in conventional output circuits 62, by providing two CMOS inverters 63 and 
64 and causing them to have a staggered action, the rise and fall of the output signals of the 
output circuits 62 can be made gentle and the flowing of excessively large output currents is 
prevented. 

[0030] 

Consequently, when the power supply voltage VCC is large (5 V class), it is possible to 
effectively mitigate variances in the power supply level and noise in the output signal of the 
output circuits 62. However, even in the case where the power supply voltage VCC is low (3V 
class), in which an excessively large output current does not flow and variances in the power 
supply level and noise in the output signals of the output circuits 62 do not present a problem, the 
rise and fall of the output signals of the output circuits 62 end up being gentle. Hence, the 
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problem arises that the access time in the semiconductor memory apparatus becomes longer 
when the power supply voltage VCC is low. 

[0031] 

In consideration of the foregoing problems, it is an objective of the present invention to 
provide an output circuit for a semiconductor memory apparatus in which the occurrence of 
noise in the output signal and the flow of excessively large output currents are prevented when 
the power supply voltage is high, and in which the access time is shortened by making the rise 
and fall of the output signals sharp when the power supply voltage is low. 

[0032] 

[Problem Resolution Means] 

Fig. 1 is a drawing explaining the principles of the present invention. A voltage detection 
circuit 1 detects whether or not the power supply voltage VCC is at least as large as a set voltage. 

[0033] 

An output control circuit 2 outputs a first signal Dl, input from the outside, with a 
predetermined time delay when the power supply voltage VCC is at least as large as the set 
voltage, and outputs the first signal Dl, input from the outside, without a delay when the power 
supply voltage VCC is smaller than the set voltage. 

[0034] 

A first output circuit 3 receives and outputs the first signal Dl output from the output 
control circuit 2. A second output circuit 4 outputs a second signal D2, input directly from 
outside, without passing through the output control circuit 2 and input along with the 
aforementioned first signal DL 

[0035] 
[Operation] 

Accordingly, with the present invention, when the power supply voltage VCC is at least 
as large as the set voltage, the output control circuit 2 outputs the signal Dl, input from the 
outside, to the first output circuit 3 with a predetermined time delay. In addition, when the 
power supply voltage VCC is lower than the set voltage, the output control circuit 2 outputs the 
signal Dl, input from the outside, to the first output circuit 3 with no delay. 

[0036] 

On the other hand, in the second output circuit 4 the second signal D2 input from the 
outside is input directly without passing through the output control circuit. Consequently, when 
the power supply voltage VCC is at least as large as the set voltage, if the signals Dl and D2 
from the outside are input simultaneously the first signal Dl output from the first output circuit 3 
is output with the time delay of the output control circuit 2 in comparison to the second signal D2 
output from the second control circuit 4. 
[0037] 

In addition, when the power supply voltage VCC is lower than the set voltage, if the 
signals Dl and D2 from the outside are input simultaneously the first signal Dl output from the 
first output circuit 3 and the second signal D2 output from the second output circuit 4 are output 
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simultaneously. 
[0038] 

[Embodiment] 

Below, an embodiment of the present invention in the output circuits of dynamic RAM 
(DRAM) is explained with reference to the drawings. 

[0039] 

Fig. 2 shows the composition of the DRAM of the present embodiment A memory cell 
array 1 is composed of memory cells (not shown in the diagram) arranged two-dimensionally, 
and each memory cell stores one bit of data. 

[0040] 

External addresses AO to A9 are divided into row addresses and column addresses by an 
address buffer 22. The row addresses are input into a row decoder 23 and the column addresses 
are input into a column decoder 24. 

I 

[0041] 

Furthermore, the external addresses AO to A9 are converted into one combination c(f the 
various X and Y selector signals by the row decoder 23 and column decoder 24. Through these 
various X and Y selector signals, one combination of the various X and Y selector lines (not 
shown in the diagram) is selected, and the memory cell at the intersection of the selected X and 
Y selector lines is determined. The memory cell thus determined becomes the target of a reading 
or writing action. The Y selector signal created by the column decoder 24 is output to the 
memory cell array 21 via a sensor amp and an input/output (I/O) gate 25. 

[0042] 

A clock generator 26 controls the sensor amp and I/O gate 25, a mode control 27 and the 
row decoder 23 on the basis of a row address strobe signal HSS. The mode control 27 and the 
clock generator 26 are designed so as to be mutually controlled. 

[0043] 

A column address strobe signal OHS is input into the L active input terminal of an AND 
circuit 28, and a control signal from the clock generator 26 is input into the H active input 
terminal. 

[0044] 

A clock generator 29 controls the address buffer 22, column decoder 24, a write clock 
generator 30 and a data output buffer 31 on the basis of the level of the output signal from the 
AND circuit. 

[0045] 

The mode control 27 controls a refresh address counter 32, and the refresh address signal 
created by the refresh address counter 32 is output to a predecoder 33 inside the address buffer 
22. 
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[0046] 

That is to say, the mode control 27 controls the refresh address counter 32 so as to 
execute a CAS before RAS (CBR) refresh on the basis of the row address strobe signal HAS 
and the column address strobe signal OfflS. 

[0047] 

The write clock generator 30 controls a data input buffer 34 on the basis of the control 
signal from the clock generator 29 and a write enable signal WB. 

[0048] 

That is to say, the data input buffer 34 outputs to the sensor amp I/O gate 25 or the data 
output buffer 31 the data D m D n+ ,, D m and D m+ i input from outside, on the basis of a control 
signal from the write clock generator 30. 

[0049] 

The data input buffer 31 outputs as the four-bit data D n , D n+ ii D m and D m +i data read out 
from the memory cell array 21 or data output from the data input buffer 34, on the basis of an 
output enable signal OB. 

[0050] 

Of this data D nj D n +], D m and D m+! output from the data output buffer 31, the data D n and 
D n+ i are respectively output to the outside via output control circuits 35 and output circuits 36. 
In addition, of this data D n , D n+ i, D m and D m+ j output from the data output buffer 3 1, the data D m 
and D m +j are output to the outside via output circuits 36. 

[0051] 

That is to say, data stored in the appropriate memory cell within the memory cell buffer 
21 selected by the external address AO to A9 is read out and is output to the data output buffer 31 
via the sensor amp and I/O gate 25. Furthermore, data read out from the memory cell is output 
to each of the output circuits 36 directly from the data buffer 31 or via the output control circuit 
35, and is output as data D n , D n+h D m and D m +i from each of the output circuits 36. 

[0052] 

In addition, when verify and check functions are accomplished, it is possible for the data 
D n , D n+ i, D m and D^i input into the data input buffer 34 to be output without change from the 
data output buffer 31. 

[0053] 

Each of the output control circuits 35 has the same composition and is controlled by 
control signals N and from 3 voltage detection circuit 37. 
[0054] 

Furthermore, within the DRAM a substrate bias generator 38 is provided, and the 
appropriate substrate bias is applied to the semiconductor substrate that forms the DRAM. 

[0055] 

Fig. 3 shows the circuit diagram of the voltage detection circuit 37. The voltage 
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detection circuit 37 is composed of an enhanced NMOS transistor 41 , a resistor R and CMOS 
inverters 42 to 44. 

[0056] 

The gate and drain of the NMOS transistor 41 are connected to the high-voltage power 
supply VCC, while the source is connected to ground via the resistor R and is also connected to 
the input terminal of the CMOS inverter 42. 

[0057] 

The CMOS inverters 42 to 44 are connected in series, and the control signal N from the 
output terminal of the CMOS inverter 43 or the control signal fji from the output terminal of the 
CMOS inverter 44 are output. 

[0058]' 

Accordingly, the drain voltage and gate voltage in the NMOS transistor 41 are equal to 
the voltage VCC of the high- voltage power supply VCC (hereinafter, the power supply voltage 
VCC). Consequently, when the power supply voltage VCC is lower than the threshold voltage 
Vth41 of the NMOS transistor 4 1 , the voltage VGS41 between the source and gate of the NMOS 
transistor 41 is lower than the threshold voltage Vth41 (VGS41 < Vth41). When this occub, the 
NMOS transistor 41 is in the off region and the source voltage VS of the NMOS transistor 41 
(that is to say the input voltage for the inverter 42) is at ground level (that is to say, the L level). 

[0059] I 

As a result, the control signal N, which is the output signal from the CMOS inverter 43, is 
at the L level, and the control signal fji, which is the output signal from the CMOS inverter 44, is 
at the H level (that is to say, the power supply voltage VCC). 

[0060] 

On the other hand, when the power supply voltage VCC is higher than the threshold 
voltage Vth41 of the NMOS transistor 41, the voltage VGS41 between the source and gate of the 
NMOS transistor 41 is at least as high as the threshold voltage Vth41 (VGS41 3 Vth41). When 
this occurs, the NMOS transistor 41 is in the on region and the source voltage VS of the NMOS 
transistor 41 attains the value of the power supply voltage VCC less the threshold voltage Vth41 
(VS = VCC = Vth41). 

[0061] 

Now, when the voltage VDS41 between the source and drain of the NMOS transistor 41 
is lower than the value found by subtracting the threshold voltage Vth41 from the voltage 
VGS41 between the source and gate (VDS41 < VGS41 - Vth41), the NMOS transistor 41 is in 
the linear region. 

[0062] 

When the NMOS transistor 41 is in the linear region, the source voltage VS of the NMOS 
transistor 41 is lower than the threshold voltage of the CMOS inverter 42, and the output signal 
from the CMOS inverter 42 is at the H level. 
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[0063] 

As a result, the control signal N, which is the output signal from the CMOS inverter 43, is 
at the L level, and the control signal fp, which is the output signal from the CMOS inverter 44, is 
at the H level. 

[0064] 

In addition, when the voltage VDS41 between the source and drain of the NMOS 
transistor 41 is higher than the value found by subtracting the threshold voltage Vth41 from the 
voltage VGS41 between the source and gate (VDS41 3 VGS41 - Vth41), the NMOS transistor 
41 is in the saturated region. 

[0065] 

When the NMOS transistor 41 is in the saturated region, the source voltage VS of the 
NMOS transistor 41 becomes larger than the threshold voltage of the CMOS inverter 42, and the 
output signal of the CMOS inverter 42 goes to the L level. 

[0066] 

As a result, the control signal N, which is the output signal from the CMOS inverter 43, 
goes to the H level, and the control signal Efi, which is the output signal from the CMOS inverter 
44, goes to the L level. 

[0067] 

In this way, when the voltage VDS41 between the source and drain of the NMOS 
transistor 41 is lower than the value found by subtracting the threshold voltage Vth41 from the 
voltage VGS41 between the source and gate (that is to say, when the NMOS transistor 41 is in 
the off region, or is in the on region and in the linear region), the control signal N goes to the L 
level and the control signal Ej] goes to the H level. 

[0068] 

In addition, when the voltage VDS41 between the source and drain of the NMOS 
transistor 41 is higher than the value found by subtracting the threshold voltage Vth41 from the 
voltage VGS41 between the source and gate (that is to say, when the NMOS transistor 41 is in 
the on region and in the saturated region), the control signal N goes to the H level and the control 
signal ^ goes to the L level. 

[0069] 

That is to say, when the power supply voltage VCC is lower than a voltage (hereinafter, 
the set voltage A) set in accordance with the threshold voltage Vth41 of the NMOS transistor 41, 
the control signal N goes to the L level and the control signal ? goes to the H level. On the other 
hand, when the power supply voltage VCC is at least as large as the set voltage A, the control 
signal N goes to the H level and the control signal fp goes to the L level. 

[0070] 

However, the threshold voltage Vth41 of the NMOS transistor 41 can be appropriately 
adjusted by changing the transistor size of the NMOS transistor 41. 
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[0071] 

Accordingly, the aforementioned set voltage A can be set appropriately by changing the 
transistor size of the NMOS transistor 41. By setting the resistance value of the resistor R 
adequately high, it is possible to make the penetrating current that flows to ground from the high- 
voltage power supply VCC via the NMOS transistor 41 and the resistor R small when the NMOS 
transistor 41 is in the on region. Accordingly, even when the NMOS transistor switches to the 
on region, the power consumption does not increase. 

[0072] 

Fig. 4 shows the circuit diagram of the output control circuits 35. Data D n and D„+i 
output from the data output buffer 31 are input into one terminal of CMOS transmission gates 51 
and 52. Furthermore, the other terminal of the CMOS transmission gate 51 is connected directly 
to the output circuit 36, and the other terminal of the CMOS transmission gate 52 is connected to 
the output circuit 36 via four inverters 53 to 56 connected in series. 

[0074] 

The CMOS transmission gate 51 is composed of an NMOS transistor 51a and a PI^OS 
transistor 51b. In addition, the CMOS transmission gate 52 is composed of an NMOS transistor 
52a and a PMOS transistor 52b. j 

[0075] 

Furthermore, the control signal [p from the voltage detection circuit 37 is input into the 
NMOS transistor 51a and the PMOS transistor 52b in the two gates. In addition, the control 
signal N from the voltage detection circuit 37 is input into the NMOS transistor 51b and the 
PMOS transistor 52a in the two gates. 

{Translator's note: The preceding sentence appears to have reference numbers 51b and 52a 
backwards}. 

[0076] 

Accordingly, when the control signal N is at the L level and the control signal Sp is at the 
H level, the CMOS transmission gate 51 opens and the CMOS transmission gate 52 closes. 
Conversely, when the control signal N is at the H level and the control signal Ep is at the L level, 
the CMOS transmission gate 52 opens and the CMOS transmission gate 51 closes. 

[0077] 

When the CMOS transmission gate 52 opens and the CMOS transmission gate 5 1 closes, 
the data D n and D n +i output from the data output buffer 31 is output to the output circuits 36 via 
the four inverters 53 to 56. 

[0078] 

On the other hand, when the CMOS transmission gate 51 opens and the CMOS 
transmission gate 52 closes, the data D n and D n+I output from the data output buffer 3 1 is output 
to the output circuits 36 directly. 

[0079] 
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That is to say, when the output signal N is at the H level and the output signal fp is at the 
L level, the data D n and Dn+j output from the data output buffer 31 is output to each of the output 
circuits 36 with a time delay equal to the sum of the delay times of each of the inverters 53 to 56, 
in comparison to the case where the output signal N is at the L level and the output signal Eji is at 
the H level. 

[0080] 

However, as described above, the control signal N goes to the L level and the control 
signal fp goes to the H level when the power supply voltage VCC is lower than the set voltage A, 
In addition, the control signal N goes to the H level and the control signal Ep goes to the L level 
when the power supply voltage VCC is at least as large as the set voltage A. 

[0081] 

Accordingly, when the power supply voltage VCC is at least as large as the set voltage A, 
the data D n and D n +i output from the data output buffer 3 1 are output to each of the output . 
circuits 36 with a time delay equal to the sum of the delay times of each of the inverters 53 to 56, 
in comparison to the case where the power supply voltage VCC is lower than the set voltage A. 

[0082] 

Fig. 5 shows a circuit diagram for the output circuits 36, The output circuits 36 are 
CMOS inverters, and into them are input the data D m and D m+ i sent directly from the data output 
buffer 3 1 , or the data D n and D n +i sent via the output control circuits 35. 

[0083] 

Furthermore, the output circuits 36 output the various input data D n , D n+ i, D m and D m +i to 
the outside. Next, the action of the present embodiment comprised as described above will be 
described with reference to Fig. 6. The action of DRAM is commonly known and does not have 
a direct relationship to the main point of the present invention, and hence explanation of such is 
omitted. 

[0084] 

When the power supply voltage VCC is at least as large as the set voltage A, the gate 52 
of each of the output control circuits 35 opens and the gate 51 closes. Accordingly, out of the 
data D n , D n +i, D m and Dm+i output from the data output buffer 31, the data D n and D n +i are output 
to each of the output circuits 36 with a time delay equal to the sum of the delay times of each of 
the inverters 53 to 56, in comparison to the data D m and Dm+i. 
[0085] 

Consequently, as shown in Fig. 7, when the data D n , Dn+u D m and D^i output from the 
data output buffer 31 falls to the L level from the H level, out of the data D n , D^i, D m and Dm+ 1 
output from each of the output circuits 36, the data D n and D„+i switch to the H level from the L 
level with a delay in comparison to the data D m and D^i. 

[0086] 

Similarly, when the data D n , Dn+i , D m and Dm+i output from the data output buffer 3 1 
rises to the H level from the L level, out of the data D n , D n +i, D m and Dm+i output from each of 
the output circuits 36, the data D n and Dn+i switch to the L level from the H level with a delay in 
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comparison to the data D ra and D m+ i. 
[0087] 

In this manner, when the power supply voltage VCC is at least as large as the set voltage 
A, out of the data D n , D n +i, D m and D m+ i output from each of the output circuits 36, the rising 
and falling of the data D n and D n+ i are delayed in comparison to that of the data D m and Dm+i. 

[0088] 

Accordingly, even when data D n , D n+1 , D m and Dm+i of the same level are output • 
simultaneously from the data output buffer 31, the sum of the output currents of each of the 
output circuits 36 does not become excessively large, and even when there is a mismatch with 
the characteristic impedance of the output lines, ringing and other noise are not generated in the 
data D n ,D n+1 ,D m and D m+ i. 

[0089] 

In addition, when the linewidth of the power supply lines is small and the voltage source 
capacity is small when viewed from each of the output circuits 36, even if data D„, D n+ i, and 
D m +i of the same level are output simultaneously from the data output buffer 31, a large current 
is not drawn all at once from the power supply. Consequently, variances in the power supply 
level (variances in the power supply voltage VCC and the ground level) do not occur, and 
variances in the power supply level do not cause erroneous operations inside the semiconductor 
memory apparatus. : 



On the other hand, when the power supply voltage is smaller than the set voltage A, the 
gate 51 of each of the output control circuits 35 opens and the gate 52 closes. Accordingly, the; 
data D n , D n -H, D m and D^i output from the data output buffer 31 are all output simultaneously to 
each of the output circuits 36. 

[0091] 

Consequently, when the data D n , D^i, D m and D m+ i output from the data output buffer 3 1 
fall to the L level from the H level, the data D*, D n+1 , D m and Dm+i output from each of the 
output circuits 36 all switch to the H level from the L level simultaneously. 

[0092] 

Similarly, when the data D n , D^i, D m and D^i output from the data output buffer 3 1 rise 
to the H level from the L level, the data D n , D n+ i, D m and D m+1 output from each of the output 
circuits 36 all switch to the L level from the H level simultaneously. 

[0093] 

In this manner, when the power supply voltage VCC is lower than the set voltage A, the 
rising and falling of the data D n , Dn+i, D m and D^i output from each of the output circuits 36 are 
all equivalent. 

[0094] . 

Hence, the rising and falling of the data D n , D^, D m and D m+ i output from each of the 
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output circuits 36 are prescribed by only the operating speed of the output circuits 36, which are 
CMOS inverters, and do not become gentle as in the prior art. 

[0095] 

Accordingly, when the power supply voltage VCC is lower than the set voltage A, the 
time needed for the rising and falling of the data D n , D n+! , D m and D m+! output from each of the 
output circuits 36 is shortened, making it possible to shorten the access time for the DRAM. * 

[0096] 

The present invention is not limited to the above-described embodiment, and for 
example, out of the data D m D n+I , D m and D m +i output from the data output buffer 31, an output 
control circuit may be provided for the data D m and D m+ i, or an output control circuit may be 
provided for one of the data D n , D n +i , D m and D m +i . 

[0097] 

In addition, the data output from the data output buffer 31 is not limited to four-bit data. 
Furthermore, the output circuits 36 are not limited to CMOS inverters, but may be other types of 
output circuits such as open drain type or three-state type. 

[0098] 

Additionally, multiple voltage detection circuits 37 with different set voltages A may be 
provided, and these voltage detection circuits 37 may be made to control multiple output control 
circuits 35. Furthermore, the present invention is not limited to the output circuits of a 
semiconductor memory apparatus, but may be used in any type of output circuit, such as the 
output circuits of operational amplifiers. 

[0099] 

[Efficacy of the Invention] 

With the present invention as described above, an excellent efficacy is achieved in which 
the occurrence of noise in the output signal and the flow of excessively large output currents are 
prevented when the power supply voltage is high, and in which the access time is shortened by 
making the rise and fall of the output signals sharp when the power supply voltage is low, in the 
output circuits of a semiconductor memory apparatus. 

[Brief Description of Drawings] 
[Fig- 1] 

Fig. 1 is a drawing explaining the principles of the present invention. 

[Fig- 2] 

Fig. 2 is a block circuit diagram of a DRAM in an embodiment of the present invention. 

[Fig. 3] 

Fig. 3 is the circuit diagram of the voltage detection circuit 37 of the embodiment. 

[Fig. 4] 

Fig. 4 is the circuit diagram of the output control circuits 35 of the embodiment. 
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[Fig. 5] 

Fig. 5 is the circuit diagram of the output circuits 36 of the embodiment. 

[Fig. 6] 

Fig. 6 is a characteristic diagram showing the rising of the data D n , D n +i, D m and D m+ i 
output from the output circuits 36 of the embodiment. 

[Fig. 7] 

Fig. 7 is a block circuit diagram showing the composition of the data output buffer and 
output circuits in the prior art. 

[Fig. 8] 

Fig. 8 is a circuit diagram of the output circuits in the prior art. 

[Fig. 9] 

Fig. 9 is a characteristic diagram showing the rising of the data D m D n+ i, D m and Djn+i 
output from the output circuit 62 of the prior art. 

i 

[Explanation of Symbols] 

1 voltage detection circuit 

2 output control circuit 

3 first output circuit I 

4 second output circuit 
VCC power supply voltage 
Dl first signal 

D2 second signal 
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[Drawings] 
[Fig. 1] 

Drawing explaining the principles of the present invention. 

1 voltage detection circuit 

2 output control circuit 

3 first output circuit 

4 second output circuit 

[Fig. 3] 

Circuit diagram of the voltage detection circuit 37 of the embodiment. 
[Fig. 6] 

Characteristic diagram showing the rising of the data D n , D n +i, D m and D m+ i output from the 
output circuits 36 of the embodiment, 
{vertical axis} : voltage 
{horizontal axis}: time 

[Fig- 2] 

Block circuit diagram of a DRAM in an embodiment of the present invention. 
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[Fig. 4] 



Circuit diagram of the output control circuits 35 of the embodiment. 
D n , D n+ i from data output buffer 3 1 
D n , P„+i to output circuits 36 

[Fig. 5] 

Circuit diagram of the output circuits 36 of the embodiment 
D„ — Dm+i to outside 
[Fig. 7] 
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Block circuit diagram showing the composition of the data output buffer and output circuits in 
the prior art. 

61 data output buffer 

62 output circuit 

[Fig. 8] 

Circuit diagram of the output circuits in the prior art. 
D n — Dm+i from data output buffer 61 
Dn ~ to outside 

[Fig. 9] 

Characteristic diagram showing the rising of the data D n , D n +i, D m and D m +i output from the 

output circuit 62 of the prior art. 

{vertical axis} : voltage 

{horizontal axis}: time 

D n D m+ i (in case of VCC2) 

D n D m+ i (in case of VCC1) | 

I 
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